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About this Paper
Established in September 2018, the High Level Panel for a Sustainable Ocean Economy (HLP) is a unique 
initiative of 14 serving heads of government committed to catalysing bold, pragmatic solutions for ocean 
health and wealth that support the Sustainable Development Goals of the United Nations and build a better 
future for people and the planet. By working with governments, experts and stakeholders from around the 
world, the HLP aims to develop a roadmap for rapidly transitioning to a sustainable ocean economy and to 
trigger, amplify and accelerate responsive action worldwide. 
The HLP consists of the presidents or prime ministers of Australia, Canada, Chile, Fiji, Ghana, Indonesia, 
Jamaica, Japan, Kenya, Mexico, Namibia, Norway, Palau and Portugal, and it is supported by an Expert 
Group, Advisory Network and Secretariat that assist with analytical work, communications and stakeholder 
engagement. The Secretariat is based at the World Resources Institute. The HLP has commissioned a 
series of Blue Papers to explore pressing challenges at the nexus of the ocean and the economy. These 
papers summarise the latest science and state-of-the-art thinking about innovative ocean solutions in the 
technology, policy, governance and finance realms that can help accelerate a move into a more sustainable 
and prosperous relationship with the ocean.
This paper is part of a series of 16 papers to be published between November 2019 and October 2020. It 
addresses how multiple human impacts will impact biodiversity underpinning ecosystem services such 
as marine fisheries, aquaculture, coastal protection and tourism. The paper examines the distribution of 
marine species and critical marine habitats around the world; analyses trends in drivers, pressures, impacts 
and response; and establishes thresholds for protecting biodiversity hot spots, and indicators to monitor 
change. From this scientific base, it assesses the current legal framework and available tools for biodiversity 
protection, current gaps in ocean governance and management and the implications for achieving a 
sustainable ocean economy tailored to individual coastal states grouped by social indicators.
This Blue Paper is an independent input to the HLP process and does not represent the thinking of the HLP, 
Sherpas or Secretariat.
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Foreword
The High Level Panel for a Sustainable Ocean Economy (HLP) commissioned us, the co-chairs of the HLP Expert Group 
(a global group of over 70 content experts), to organize and edit a series of Blue Papers to explore pressing challenges 
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statements and pledges or recommendations for action.  
Marine biodiversity is being lost at an unprecedented rate as a result of human activities, both direct and indirect, on land 
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The loss of marine biodiversity impacts livelihoods and food security and jeopardises human health and securitytoday 
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argument for the need to conserve critical habitats in the context of planning for a sustainable ocean economy. 
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Key Messages
  Evidence suggests that ocean biodiversity at all levels is being lost as a result of the direct and indirect 
impacts of human pressures. The main drivers of biodiversity loss are overexploitation and human 
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coastal ecosystems.
  Despite advances in understanding the distribution of species and habitats in the ocean, many aspects 
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to ascertain and there is a critical need to establish current baselines and trends through survey and 
monitoring activities.  
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Biology and Ecosystems Panel of the Global Ocean Observing System (GOOS BioEco), the Group on Earth 
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percent of key marine ecosystems are represented in fully or highly protected and implemented MPAs. 
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for some habitats, no countries have placed them in fully protected MPAs. Hence, opportunities abound 
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legally binding instrument on the conservation and sustainable use of biological diversity of areas beyond 
national jurisdiction (BBNJ) is essential.
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in an alternative and less productive state. Recognising such tipping points and incorporating them as 
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functioning and resilience of marine ecosystems.
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needs for food, nutrition and livelihoods are met in coastal communities; and better incorporation 
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intergovernmental and non-governmental organisations.
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(e.g., economically, culturally or for subsistence) and 
provide many necessary services for humans (Costanza 
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have had on marine ecosystems in the global ocean 
over the past 50 years, they tend to appear not as the 
complete extinction of individual species (Dulvy et al. 
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need not become globally extinct to radically alter the 
composition of the ecosystem (ecological extinction), 
disappear from the local environment (local extinction) 
or become commercially non-viable (commercial 
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symptom of unsustainable exploitation of Earths natural 
environment and a major threat to the ecosystem 
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The oceans natural capacity to provide ecosystem 
services such as food, coastal protection and carbon 
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case of coral reefs, the reduction in damage to terrestrial 
assets conferred through coastal protection is estimated 
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a looming crisis of vast ecological and social dimensions.
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and associated impacts, there has been an international 
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Convention on Biological Diversity (CBD) has resulted 
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coastal and marine areas, especially areas of particular 
importance for biodiversity and ecosystem services . . . 
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reference to implementing protected areas in the 
1. Overview
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exclusive economic zone (EEZ) of countries and in areas 
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Spatial conservation measures such as marine protected 
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biodiversity, size and abundance of previously targeted 
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including enhanced resilience to environmental and 
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area-based marine conservation measures (OECMs), 
such as locally managed marine areas, territorial use 
-$"#/.!*-F昀s#$)"+-*"-(.C瀀T.C焄伀 F昀s# -$ .- ./-$/ 
areas, particularly sensitive sea areas, and areas of 
particular environmental interest, among others, have 
proven successful in conserving important areas for 
biodiversity and ecosystem services that include food 
security and poverty alleviation, such as in Northern 
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management of biodiversity.  OECMs are an important 
but complementary tool to supplement an existing MPA 
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Therefore, this Blue Paper focuses on MPAs because they 
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management and conservation tools. Furthermore, MPAs 
can protect biodiversity but can also restore ecosystem 
structure, function and potentially services (Cheng 
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or minimise other human 
pressures that enable species 
to maintain or recover their 
abundance, biomass and 
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particular concern for regions 
of high marine biodiversity, 
such as the marine biodiversity 
hot spot in Southeast Asia, 
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reduced and destructive 
If they are 
well designed, 
enforced and 
financed, fully 
protected MPAs 
can provide an 
abundance of 
benefits, including 
increases in 
biodiversity, size 
and abundance 
of previously 
targeted species
6 |   High Level Panel for a Sustainable Ocean Economy
exploitation is expanding largely unchecked even  
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The High Level Panel for a Sustainable Ocean Economy 
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Development Goals (SDGs). Continued loss of marine 
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and sustainably use the ocean), but also other goals 
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infrastructure). This Blue Paper addresses the topic 
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inventory of marine habitats and biodiversity in the 
global ocean.
  -*1$ 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degradation and biodiversity loss in reducing 
ecosystem services.
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tipping points.
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governments and industrial sectors to monitor, 
protect and address loss of marine biodiversity and 
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  Determine opportunities for action to improve the 
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oceans habitats and biodiversity.
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of marine biodiversity and ecosystem integrity are 
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all aspects of our understanding of its distribution 
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connectivity of populations to processes at the level 
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underpin the functioning of Earth.
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2. An Inventory of Marine 
Habitats and Biodiversity
2.1 Species
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marine species have been described (Mora et al. 
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Gastropoda, Tanaidacea). The geographic distributions 
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sampling of the upper layers of the ocean (e.g., the 
Tara expedition), have also revealed tens of thousands 
of uncharacterised microbes, including eukaryotes, 
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per year), those groups might have all their species 
described by the end of the century (Appeltans et  
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regional, national and, more importantly, trophic levels 
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Cultural Organization (UNESCO). The CoML data suggest 
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Box 1. Estimating Global Patterns of Biodiversity
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#0.C伀 /# F昀n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'')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- 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*(+-$. .0+C?/*C挀d/ /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$)!*-(/$*))F昀l/ - *0-- )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/*/'*!ClChC伄kClCpC伄iCjCl- 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accepted marine and non-fossil species.
Notes: a. OBIS, http://www.iobis.org; b. UNESCO-IOC, http://ioc-unesco.org/; c. GBIF, http://www.gbif.org; d. FishBase, http://www.fishbase.org; 
e. COPEPOD, http://www.st.nmfs.noaa.gov/plankton; f. Jellyfish Database Initiative, http://people.uncw.edu/condonr/JeDI/JeDI.html; g. IUCN, 
http://www.iucnredlist.org/technical-documents/spatial-data; h. ITIS, http://www.itis.gov; i. WORMS, http://www.marinespecies.org; j. for more 
information see WORMS.
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Figure 1.  Global Patterns of Biodiversity and Habitat Richness
Notes: Map of species richness (A) is on a 100 x 100 km equal-area grid with a superimposed contour map of the number of habitats per geographical cell (see habitat 
section). Latitudinal gradient of species richness (B) is of all marine species. (C) Plot of the average number of habitats versus latitude.
Source: Authors.
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decline in biodiversity from the tropics to the polar 
latitudes has also been hypothesised, although there 
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such as habitat area, land versus ocean area by latitude, 
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intrinsic biological traits such as larval development 
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The distribution of biodiversity in the global ocean has 
been described for numerous taxa, particularly in recent 
years as more observations have been synthesised into 
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have very limited information (numerous invertebrate 
groups, most deep-sea taxa, and much of the microbial 
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pattern of marine biodiversity 
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bias from the issue of uneven 
sampling of species from 
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At a global scale, the 
biodiversity distribution 
estimated from our study 
appears to be relatively 
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resolutions and analyses 
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multiple taxa is primarily 
tropical to subtropical peaks 
in species biodiversity, particularly for coastal species; 
but there are steep longitudinal gradients in diversity, 
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a relatively high species richness, but not as high as 
the aforementioned areas and parts of the northeast 
Atlantic, such as the North Sea, are as diverse. This latter 
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the northeast Atlantic, introducing some bias into the 
overall picture of the distribution of species richness 
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Also, small areas, such as tropical or subtropical islands, 
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stars), cone snails, mangroves, coastal cephalopods, 
lobsters and gastropods. Seagrasses have a more 
/ (+ -/ C挀s& 2 $./-$0/$*)*!-$#) ..C伀 + -#+.
- F最e/$)"/# $-$(+-*1 $'$/4/*/*' -/ *'
2/ -C伀 - '/$1 /*-  !C挀b0$'$)"*-'.)()"-*1 .C一 
-*'" C瀀s 2  ..0#.& '+C焀 - ' ..2 ''C挀k)*2)
in terms of distribution at the species level, but at the 
genus level again appear to peak at more temperate 
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diversity in subpolar and polar environments (Tittensor 
 /'C一 CiCgChCgC儀 *(+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'C一 CiCgChChC焄?
Species 
biodiversity 
appears to peak 
in the tropical 
Indo-Pacific, with 
a secondary peak 
in the Caribbean, 
and a general 
tropical or 
subtropical peak 
in richness
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zooplankton such as foraminifera, copepods and 
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a mid-latitudinal peak in species richness, generally 
 /2  )'/$/0 .CjCg)CkCg "-  .C瀀T$// ).*- /
'C一 CiCgChCgC焄一 *( $AA - ) . /2  )/# . /3- 
++- )/C伀 $)'0$)" / ). $)"2$ '4$./-$0/ 
in terms of richness peaks across latitudinal bands, 
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the coast. Marine bacteria and phytoplankton diversity 
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/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though modelling has predicted an intermediate latitude 
peak in phytoplankton, and there may be a similar 
gradient in bacteria, though more data and analyses 
- )   /*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latitudinal peak, albeit only in the Northern Hemisphere 
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regional patterns have been described for multiple 
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predictions of habitat suitability are available at higher 
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 .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on the continental shelf and slope, but they have a 
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/#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from the surface, used as a food source by most deep-
sea organisms, is higher. The deep sea is an extremely 
!**C挀l$($/ C伀 '$"#/' .. )1$-*)( )/C伀 2$/#- '/$1 '4
.#''*2"-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horizontally, and these environmental factors may shape 
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taxonomic groups.
Biodiversity metrics, other than species richness, 
/#/#1   ).. .. 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"'*'.' - ! 2C一 # 
"'*'$./-$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appears similar to species richness, but evenness 
.#*2.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.$)"2$/#'/$/0 C焄伀 
and functional diversity appears highest in the tropical 
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vulnerability to species extinctions in the open ocean 
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of taxonomic groups) indicate that species biodiversity 
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secondary peak in the Caribbean, and a general tropical 
or subtropical peak in richness. Coastal species tend to 
match this pattern more closely than oceanic species, 
2#$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/$)/ -( $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'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continental margins and in areas of high food export 
from the surface ocean.
2.2 Habitats
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synthesised information at the global level to produce 
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seagrasses, coral reefs, kelp forests, shelf valley and 
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HABITAT TIME SPAN DATA TYPE SOURCE
Estuaries CiCgCgCj Polygon ' -C瀄iCgCgCjC焄攀u+/ 4C?
Mangroves ChCpCpCnC攄iCgCgCg Polygon $-$ /'C一 C瀄iCgChChC焄攀u+/ 4C?
Saltmarsh ChCpCnCjC攄iCgChCl Point 2 ) /'C一 C瀄iCgChCnC焄攀u+/ 4C?
Seagrasses ChCpCjCkC攄iCgChCl Polygon C?)#*-/C瀄iCgChCoC焀 
Coral reefs ChCpClCkC攄iCgChCo Polygon C? /'C一 C瀄iCgChCoC?
Kelp forests NA Point Jorge Assis, research in progress
Shelf valley and canyons ChCpClCgC攄iCgCgCp Polygon 	--$. /'C一 C瀄iCgChCkC?
Cold coral reefs ChCpChClC攄iCgChCk Point - $2' /'C一 C瀄iCgChCnC焄攀u+/ 4C?
Seamounts and guyots ChCpClCgC攄iCgCgCp Polygon 	--$. /'C一 C瀄iCgChCkC?
Trenches ChCpClCgC攄iCgCgCp Polygon 	--$. /'C一 C瀄iCgChCkC?
Hydrothermal vents ChCpCpCkC攄iCgChCp Point  0'$ 0)5!-).&$C瀄iCgChCoC焀 C瀀I)/ -$"   )/./. C?
Ridges ChCpClCgC攄iCgCgCp Polygon 	--$. /'C一 C瀄iCgChCkC?
Table 1. Spatially Referenced Habitat Data for Coastal and Oceanic Ecosystems Included in the Habitat Diversity Analysis
Figure 2. Global Habitat Diversity
Habitat Diversity
NA
≤ 0.5
≤ 1.0
≤ 1.3
≤ 2.0
Land
Source: Authors.
Note: Habitat diversity calculated with Shannon-Wiener diversity index for habitats studied. Habitat diversity is displayed for 1,000-kilometre pixels.
Source: Authors.
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for each cell using the number of cells of each habitat as 
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Coastal areas had a much higher diversity, because of 
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$/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*).$ - C一 # 
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areas remain understudied. Although our technological 
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Coral Triangle, the eastern seaboard of Australia and the 
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$//$1 -.$/4C瀀F$"0- CiC焄伀 
+// -)2#$#$..$($'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/!*-.+ 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C瀀F$"0- ChC焄一 # $./-$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percent and 5.05 percent of the global total, respectively. 
).0-+-$.$)"'4C伀 /# - $../-*)").$")$F昀c)/
*-- '/$*)2$/#- C伀  3+'$)$)"CmCj+ -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1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/$*)C一 0..$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its coastline lies at polar latitudes.  
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3.1 Evaluating the Loss of Species
The dominant pressures on the ocean are direct 
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/$*)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Report on Biodiversity and Ecosystem Services of the 

)/ -"*1 -)( )/'$ ) C挀P*'$4'/!*-(*)$*$1 -.$/4
)*.4./ ( -1$ .C瀀IC焀 )4+- 1$*0../0$ .C?
Of the three other main drivers considered, invasive 
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driving the large-scale alteration of marine communities 
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by geographic patterns of thermal tolerance in marine 
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horizontal distribution of pelagic species such as marlins 
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3. Biodiversity Loss
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represent a relatively small proportion of those living in 
marine environments, they are the best studied to date; 
therefore, they present a good (if taxonomically biased) 
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3.2 Invertebrates
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Figure 3. IUCN Red List Threat Categories for Marine Species 
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very small population size or range (Criterion D). Only 5 
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3.3 Vertebrates
Compared to invertebrates, marine vertebrates are 
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Reptiles, birds and mammals have been fully assessed, 
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described to date, just over 50 percent have been 
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and compose 70 percent of marine vertebrates listed 
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this taxonomic level of analysis is substantially higher 
than for most other vertebrates, and only about one-
/#$-*!.+ $ .- *).$ - .! C瀀D0'14 /'C一 CiCgChCkC焄一 
 )*/ /#/''.+ $ .*!(-$) /0-/' .- 0-- )/'4
/#- / ) 2$/# 3/$)/$*)C?
# /$)*+/ -4"$).- ' ..2 ''0) -./**/#)
marine reptiles, birds and mammals, and, as a result, 
have by far the highest proportion (and number) of 
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of these DD species may also be threatened but the lack 
of data prohibits this assessment from being made. 
This situation highlights the poor overall understanding 
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roughy (Hoplostethus atlanticus), coral reef groupers 
and snappers (Epinephelidae and Lutjanidae), coastal 
and estuarine groups such as croakers (Sciaenidae), and 
*'C挀w/ -2*'!C指昀s# .C?Anarhichas). The documentation 
of these species should be a priority from the perspective 
of population (status, distribution and trends) and use 
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of impacts on populations, such as from unintentional 
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render them useless for species-level assessments.
3.4 Drivers of Species Decline
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for species listed as critically endangered, endangered 
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achieved by looking at each threatened species in the 
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PHYLUM
NUMBER OF SPECIES 
DESCRIBED
NUMBER OF SPECIES 
ASSESSED
% ASSESSED
Arthropoda ClCmC伄kCnCp CiCmCm 0.5
Cnidaria ChChC伄nCkCk CoCoCk 7.5
Echinodermata CkC伄kCgCo CjCnCi 5.0
Mollusca CkCoC伄iCnCl ChC伄lCnCg CjC丄j
TOTAL ChCiCgC伄pCgCm CjC伄gCpCi CiC丄m
Figure 3. Proportion of Invertebrate Species Assessed on the IUCN Red List Compared to the Total Number of Species 
Currently Described on the World Register of Marine Species 
Source: WoRMS, n.d.
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activities have on the extinction risk, including those 
caused by targeted catch and bycatch for commercial 
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of the Sea (UNCLOS), the United Nations Fish Stocks 
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Figure 4. The Proportion of the Threatened Species of Each Taxon Affected by Different Drivers of Extinction Risk
Note: The percentage is reported within each cell. Threatened species out of those assessed for each taxon were: 5 out of 16 Hydrozoa; 226 out of 868 Anthozoa; 58 out 
of 831 Gastropoda; 5 out of 52 Cephalopoda; 16 out of 371 Holothuroidea; 197 out of 1,085 Chondrichthyes; 334 out of 8,200 Actinopterygii; 19 out of 95 Reptilia; 177 
out of 868 Aves; 37 out of 137 Mammalia. Note that drivers are drawn from the IUCN (2019) Red List. Several drivers are oten listed for an individual species.
Source: IUCN Red List.
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Agreement and the Code of Conduct for Responsible 
Fishing (CCRF) by the Food and Agricultural Organization 
of the United Nations (FAO) all highlight biomass 
at maximum sustainable yield (B
msy
)  as a target for 
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management regime, it is possible to reduce a stock 
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that conservation metrics as assessed by Red List criteria 
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through the Red List criteria do not exaggerate extinction 
or extirpation risk and occurrences of disagreement 
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(Holothuroidea), bycatch (Cephalopoda) or for shell 
collecting (Gastropoda). For sessile taxa, Anthozoa 
and Hydrozoa, drivers of extinction risk are evenly 
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of anthropogenic stressors in coastal ecosystems. The 
assessed Gastropoda are also predominantly coastal, 
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extinction risk in this taxon. Other contributing factors 
to extinction risk included small geographic range (e.g., 
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the small geographic range and number of populations 
of this species, an attribute shared by other vent-
endemic taxa. Deep-sea mining is currently controversial, 
and regulations for environmental management of this 
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of seabed massive sulphides remains to be seen (Durden 
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Across the marine vertebrate taxa assessed (except 
birds), the major driver of extinction risk is resource 
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larger species at higher trophic levels have been 
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invertebrates, because catch data poorly documents 
them at the species level. Despite little evidence 
that overexploitation or bycatch have caused global 
extinctions, local extinctions and commercial extinctions 
C瀀i)2#$#.+ $ .$.- 0 /*' 1 '/2#$#$/$.)*
longer commercially viable) are much more common 
C瀀D0'14 /'C一 CiCgCgCjC焄一 
)$/$*)C伀 *1 - 3+'*$//$*)#.
dramatically reduced the abundance of numerous 
.+ $ .2*-'2$ C伀 */#'-" ).(''C瀀M0' 4 /
'C一 CiCgChClC焄伀 0. '-" -)" *)/-/$*).C瀀W*-()
$// ).*-CiCgChChC焀 )$(+/ *4(..C瀀W-)
4 -.CiCgCgClC焄一 //#  *.4./ (' 1 'C伀 *1 - 3+'*$//$*)
#./-$"" - /-*+#$. .C瀀W*-()4 -.
CiCgCgCjC儀 -)& /'C一 CiCgCgClC儀 .&'*1 /'C一 CiCgCgCnC焄伀 - 0 
/*/'*((0)$/4$*(..C瀀W-)4 -.CiCgCgClC焀 )
 "- #$//./-0/0- C瀀T#-0.#)4/*)CiCgCgCiC儀 
'-& /'C一 CiCgChCmC焄一 $/#$).+ $ .C伀 $/#.'.*AA / 
" ) /$$1 -.$/4)$)0  1*'0/$*)-4 AA /.
C瀀P$).&4)'0($CiCgChCkC儀 	 $)* /'C一 CiCgChClC儀 0+-$) )
) ./C挀B$)# /CiCgChCnC焄伀 */#*!2#$#)+*/ )/$''4
reduce the capacity of populations to adapt to threats 
.0#.'$(/ #)" C瀀B'.$& /'C一 CiCgCiCgC焄?
"-*2$)")0( -*!.+ $ .- +-/*!#$"#C?1'0 
*).0( -(-& /.C一 .2$/#/# 	*'*/#0-*$ C瀀P0- ''
 /'C一 CiCgChCkC焄伀 "- / ---$/4+0.# ./# $-1'0  1 )#$"# -C伀 
2#$#( )./#//# 4*)/$)0 /* .*0-  1 )$!
/# 4 *( (*- $AA$0'//*+-*0- C瀀C*0-#(+ /
'C一 CiCgCgCmC儀 *14 $/# .*) /'C一 CiCgChCoC焄一 3(+' .*!
19 Critical Habitats and Biodiversity   |
Box 2. Fish Spawning Aggregations as Key Biodiversity Areas
Figure B2.1.  A. Spawning aggregation of the camouflage grouper, Epinephelus polyphekadion in French Polyne-
sia (Photo © Yvonne Sadovy-Micheson). B. Gravid female camouflage grouper at spawning site (Photo © Stan 
Shea). C. Orange roughy, Hoplostethus atlanticus, a deep-sea species which aggregates around the summits and 
upper flanks of seamounts for spawning when it is targeted for fishing (Photo © IUCN Seamounts Project, AD 
Rogers). 
A
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To illustrate the importance of key 
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the term "site" in the KBAs,a a seascape 
unit that (i) can be delimited on maps, (ii) 
encompasses the important habitat used by 
the species of conservation concern and (iii) 
can actually or potentially be managed as a 
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aggregation timing is also part of the context 
of KBAs. Unlike the conspicuous and better-
understood breeding colonies of birds and 
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colonies and turtle nesting beaches, they 
can remain consistent from year to year 
in time and space and are often appealing 
targets for fishing because catchability can be 
particularly high.
Many medium- to large-sized demersal and 
benthopelagic species in the global ocean 
form temporary aggregations solely for the 
purpose of reproduction; these gatherings 
- /# *)'4*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
(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aggregations are highly predictable both 
spatially and temporally; typically, they form 
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months each year. Among temperate species, 
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global fisheries,b many undergo regular 
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for short or extended periods in small or 
extensive areas, and are exploited at these 
/$( .C一 3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pollock (Theragra chalcogramma), Atlantic 
cod (Gadus morhua) and Atlantic mackerel 
(Scomber scombrus) to largehead hairtail 
(Trichiurus lepturus) and European pilchard 
(Sardina pilchardus).
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Current Status Decreasing Gone Increasing Same Unknown
(1)
Note: A total of 948 documented spawning aggregations are shown. The database is weighted towards tropical reef fish species and underrepresents non-reef and 
temperate or polar regions.
Source: Science and Conservation of Fish Aggregations (database), https://www.SCRFA.org. Accessed 14 July 2019.
Figure B2.2. Proportion of Invertebrate Species Assessed on the IUCN Red List Compared to the Total Number of Species 
Currently Described on the World Register of Marine Species 
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components of the marine ecosystem. Because they are particularly vulnerable to fishingyet are important to 
fisheriesthey need more conservation and management attention than they have attracted to date, especially 
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/$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'+-*/ /$1 ( .0- .C?e Although conventional management controls may be used for 
aggregating speciessuch as minimum sizes, fishing effort or gear controlsand assessments consider maximum 
21 Critical Habitats and Biodiversity   |
.0./$)' 4$ '*-- -0$/( )/*1 -!$.#$)"C伀 /# .+2)$)"""- "/$*)./# (. '1 .- )*/*!/ ) 3+'$$/'4/# !*0.
of management, partly because they are so appealing to target. Their management, for example, is not included as 
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Sources: a. Edgar et al. 2008; b. FAO 2018; c. Sadovy de Mitcheson 2016; d. Cheung et al. 2005; e. Erisman et al. 2015; Sadovy de Mitcheson 2016; f. van 
Overzee and Rijnsdorp 2015; Sadovy de Mitcheson 2016.
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pet species and a range of animals highly valued as 
luxury food, traditional medicines or ornamentals. 
Loss or compromise of key biodiversity areas (such as 
key egg-laying, nesting, pupping or mating grounds) 
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driver of species decline, both in this study and in the 
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Another example of uneven implementation of actions to 
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major threat given the increasing impacts of ship strikes on 
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Figure B3.1 Marine Biodiversity in Relation to Human Impacts 
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impacts may be a factor here. 
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half of the hot spots of marine species richness.
Note: Map (A) and scatter plot (B) of the relationship between marine biodiversity and the human impact score. Each quadrant has been computed based 
on the centroid of the relation in a log-log dimension. Colour shades are computed as the Euclideian distance of the geographical pixel from the centroid 
of the relation. Sources: Based on Halpern et al. 2008 and Reygondeau 2019.
Sources: a. Halpern et al. 2008, 2019; b. Reygondeau 2019; c. Halpern et al. 2019; d. Jenkins and Van Houten 2016; e. Halpern et al. 2019; f. Jenkins and 
Van Houten 2016; g. Halpern et al. 2019.
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threats include coastal activities such as residential and 
commercial development and pollution. 
Climate change, especially increasing temperature and 
habitat impacts, is predicted to become an increasing threat 
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but there are uncertainties in terms of projections. The 
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building corals have been exceeded in multiple global stress 
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temperature-associated changes, and they may impact 
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seas, illustrating the rapid responses of marine life to ocean 
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(e.g., the Holothuroidea for the 
invertebrates). Many groups of 
organisms, especially poorly 
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climate change either directly as 
their environmental tolerances 
are exceeded or indirectly 
as their habitat is destroyed. 
The overall impacts of climate 
change on marine biodiversity 
is therefore likely to be currently 
underestimated.
Particularly in the coastal zone, 
development and pollution, 
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been the other major drivers of 
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of species categorised as DD in Red List assessments (see 
$"0- CjC焄一 # - $.*1 -2# '($)" 1$ ) !-*(-*
range of taxa that loss of habitats formed by foundation 
species, including corals, mangrove forests, seagrass 
beds, saltmarshes and kelp forests, continues unabated 
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conserving such ecosystems (e.g., the Ramsar Convention 
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generally manifested as population declines, habitat 
degradation and loss, and ecosystem-level changes rather 
than as global extinctions. Although overexploitation has 
been the primary driver of loss to date for many groups, 
it is notable that habitat destruction through coastal 
development and pollution are major contributors to 
species being added to the Red Lists threatened categories. 
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a range that spans the proportion of threatened terrestrial 
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this range. Global extinctions in the marine environment are 
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species; about half of the total number of marine species 
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species may be higher than previously estimated because 
they have simply not been documented.
3.5 Habitat Degradation and Its 
Drivers
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Climate change, 
especially 
increasing 
temperature and 
habitat impacts, 
is predicted 
to become an 
increasing 
threat to many 
invertebrate and 
vertebrate species
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declines in distribution, such as in the Great Southern Reef 
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highly dynamic ecosystems, and globally the picture is 
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apparent, in others, kelp forests are extending their range 
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Projections for coral reef losseven at the most optimistic 
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Eutrophication and physical impacts, such as dredging, are 
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loss of ecosystems such as mangroves and saltmarshes, 
coastal engineering can also prevent such ecosystems from 
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emerged as a major driver of present, and future, coral loss. 
Under such a multiplicity of detrimental anthropogenic 
stressors, coral reefs have a tendency to convert to 
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for negative impacts on coastal human communities (e.g., 
an elevated risk of ciguatera or ciguatera-like diseases; Ford 
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more vulnerable to these natural variations, risking 
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.,0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making deep-sea mining more attractive economically 
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this industry are likely to be extremely severe (Niner et 
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3.6 Reducing the Provisioning of 
Ecosystem Services
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people (NCP). The concept of NCP is elaborated in the 
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and negative contributions of living nature to peoples 
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loss in the ocean, and the positive provisioning of 
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ecosystem services include provisioning services; the 
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materials and pharmaceuticals; regulatory services; the 
control of climate, atmosphere and other aspects of the 
environment that maintain the Earth system; supporting 
services; those that enable the provision of direct and 
indirect ecosystem services to humankind; and cultural 
services, including recreation, tourism, inspiration 
for art, culture, spiritual experience and cognitive 
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There have been various attempts to estimate a monetary 
1'0 !*-(-$)  *.4./ (. -1$ .C瀀C*./)5 /'C一 ChCpCpCnC?
CiCgChCkC儀 CiCgChClC儀 -/$) /'C一 CiCgChCmC焄伀  (*)./-/$)"/#/
conservation of species and ecosystems is economically 
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value of natural capital (abiotic and biotic elements of 
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types of habitat. Such valuation methods run into 
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are three-dimensional; contain many mobile elements, 
both spatially and temporally; are highly connected and 
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nature can also generate negative impacts on people 
depending on spatial, temporal, social and cultural 
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the fact that many ecosystem services are strongly linked; 
thus, enhancing provisioning services, for example, can 
have a negative impact on regulating services (Raudsepp-
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valuation of ecosystem services can be useful in some 
contexts, but a more comprehensive methodology is 
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takes into account more than just instrumental values 
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Figure 5. Three Types of Positive Biodiversity-Ecosystem Functioning Relationships
Notes: (A) Ecosystem functioning relationships: saturating (red), linear (black), and accelerating (blue). (B) Relationship between biodiversity loss and the three types 
of biodiversity-ecosystem functioning relationships.
Source: Modified from Naeem 2002; Strong et al. 2015. 
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Functioning (the BEF curve), and thus the provisioning 
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generally observed to be positive (Hector and Bagchi 
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shape of the BEF curve has major implications for the 
impacts of biodiversity loss on ecosystem functioning 
and service provision and can be saturating, linear or 
accelerating (Figure 5). These studies provide some 
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biodiversity is lost, including biomass production, 
resilience to disturbance and biological invasions 
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The impacts of biodiversity loss on ecosystem services are 
multi-faceted. Regional changes in biodiversity have been 
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risks, including harmful algal blooms, oxygen depletion, 
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High biodiversity may also result in greater resistance 
to climate change impacts, potentially mitigating the 
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both biodiversity and ecosystem functioning (Mora et 
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to terrestrial assets conferred through coastal protection 
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global loss of coral reefs has been estimated to have an 
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habitats and nursery sites for many species, so their losses 
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Seagrasses, saltmarshes and mangroves are the three 
internationally recognised blue carbon habitats that 
/$1 '4. ,0 ./ -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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/#  )1$-*)( )/C瀀N '' (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more organic carbon on average than seagrasses and 
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the carbon that is stored in these marine macrophytes 
has an allochthonous source from other habitats. Kelp 
 .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-*'" *((0)$/$ .C瀀W -) -")
$'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important in blue carbon storage (Trevathan-Tackett et 
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of natural kelp and macroalgal communities but also 
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role of macroalgae in a global context, for both climate 
mitigation and adaptation, and as providers of crucial 
ecosystem goods and services.
Projected reductions in overall marine biomass 
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are likely to face a double jeopardy of impacts on both 
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4. Thresholds and Tipping 
Points
There are ecological thresholds and other reference 
points thatif exceeded through the alteration of 
marine habitats, the exploitation of living marine 
resources or other human impacts on marine 
ecosystemscould result in negative and irreversible 
changes to ecosystems and the broader services 
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The ecosystem approach to management of marine 
resources aims to preserve the integrity and resilience 
of marine ecosystems by reconciling conservation and 
 3+'*$//$*)C瀀P$&$/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and climate pressures, many ecosystems are facing 
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a major challenge for research and management is 
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identifying critical thresholds and tipping points 
involved in the disruption of marine ecosystems.
4.1 Changes in Marine 
Ecosystems
Climate patterns have long been recognised as 
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marine ecosystems. Empirical evidence has accumulated 
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by large environmental changes, such as in the California 
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and algal-dominated reefs have been reported in 
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over the reefs, thereby reducing reef coral recruitment. 
Key interactions among four major tropical taxa
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A minimum 
precautionary 
biomass of 40 
percent of forage 
fish is required to 
sustain predators.
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4.3 Fisheries Management 
Perspective
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are more vulnerable to changes that previously could be 
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For sustainable exploitation and conservation, it is 
crucial to fully appreciate the fact that ecosystems have 
tipping points, identify the potential thresholds, and 
implement them into management (Suding and Hobbs 
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marine ecosystems. Reliable detection and attribution 
appear to be fundamental to our understanding of 
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attribution of tipping points in ecosystem dynamics 
remains challenging. Overexploitation and climate 
change can promote tipping points and can potentially 
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of irreversible changes. Marine conservation and 
adaptive management approaches must consider 
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in shaping ecosystems. The limitation of COCi emissions 
appears to be a strong constraint in the preservation of 
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of abrupt and irreversible climate change must compel 
political and economic action on carbon emissions 
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structuring role of key species, such as small pelagics 
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beyond the traditional single-species stock assessment 
are plentiful. For example, the CCAMLR has the principle 
embodied in its articles to ensure that target stocks and 
their dependent and related species are all maintained 
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eliginoides and Dissostichus mawsoni; Friedman et al. 
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Humans and climate change continue to impact the 
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policy and management approaches, it is vital to 
be guided by indicators that can capture the status, 
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main indicators used in marine conservation planning 
relate to habitat extent, species diversity and extinction 
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constraints; therefore, results are limited in statistical 
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5.1 How Can We Effectively 
Monitor and Manage Biodiversity 
and Enjoy the Benefits of a 
Sustainable Blue Economy in a 
Changing World? 
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based on their relevance to address such social and 
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foundation for implementing management and policy 
based on science to promote a healthy and sustainable 
ocean, from local to regional to global scales. These 
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observing system as plankton communities and some 
coastal ecosystems (e.g., coral reefs, seagrass beds, 
5. Monitoring
and mangrove forests) are considered to be essential 
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Such planning includes (i) identifying existing data sets 
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institutions, particularly for developing countries, is 
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technologies. Additionally, collaborations that combine 
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can provide an important role in understanding species 
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increasing role in enhancing our capacity to have a 
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This can be facilitated by international initiatives, but 
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including major contributions from philanthropists and 
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5.2 What Are the Technological 
Tools for Biodiversity Monitoring? 
The methods for monitoring marine biodiversity are 
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of marine biodiversity monitoring include the need 
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and interoperable observation technologies. Data are 
collected through a combination of remote sensing 
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on functional phytoplankton groups and on the cover 
and distribution of some coastal habitats, such as coral 
reefs, seagrass beds, mangroves and macroalgae, and 
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collection to the use of sensors, instruments, and 
platforms. At the most basic level these observations 
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application of such methods can be used to tackle global 
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that enable increasingly 
automated real-time biological 
observations.
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costs of obtaining spatially 
and temporally relevant 
information and monitoring 
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As technology continues 
to advance, improving 
the resolution and accuracy of satellite imagery, our 
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Although there has been a progression in monitoring a 
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resolved by even the most advanced remote sensing 
technologies (e.g., hyperspectral satellite imaging; 
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such as deep-sea corals, are beyond the reach of existing 
or future airborne remote sensing technologies. The 
mapping of seabed topography at a relatively coarse 
scale can be undertaken using satellite gravity mapping 
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charts, providing a navigational aid for mariners. As 
modern oceanographic science developed in the 
ChCp/# )/0-4C伀 #$//(++$)"2.0) -/& )4
/-2'$)"C伀 - "$)"*-*/# -!*-(.*!.  .(+'$)"C一 
.$")$F昀c)/1) ( )/$).  (++$)"2.
the development of single-beam sonar. Using this 
technology, Bruce Heezen and Marie Tharp constructed 
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It will be critical 
to develop 
technologies 
that enable 
increasingly 
automated real-
time biological 
observations
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the use of seabed sampling using surface deployed gear 
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that it is time consuming and expensive, and coverage 
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alternative technology to multibeam bathymetry is 
side-scan sonar. This produces a photograph-like sonar 
image of the seabed and can be particularly useful in 
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technology is cheaper than multibeam systems but 
has a poor georeferencing capability, and backscatter 
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under-studied at larger scales, such as rocky reefs, 
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there are no publicly available global distribution maps 
/+- . )/C瀀R*" -. /'C一 CiCgChClC焄一 *-/# #$//.2# - 
spatially referenced and processed information are 
1$'' C伀 *AD )/. /.- '/ /**) +*$)/$)/$( 2$/#
very little indication of changes through time (Halpern et 
'C一 CiCgChClC焄一 #$.'$($/./# $-0/$'$/4$)0) -./)$)"#*2C伀 
2# - )2# )/# )/0-'2*-'$.#)"$)"C一 .) 2
technology is made available, such as the Google Earth 
)"$) +'/!*-(C瀀G*- '$& /'C一 CiCgChCnC儀 -")*. /'C一 
CiCgChCoC儀 $%') /'C一 CiCgChCpC焄?Cm  and barriers for information 
sharing are removed, there is a great opportunity to 
increase our capacity to understand, monitor and 
develop evidence-based policies and management plans 
to protect marine ecosystems.
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increasingly useful as a means of spotting problems such 
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available to public scrutiny. Such data can only improve 
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5.3 Overseeing 
the Monitoring of 
Biodiversity
At the intergovernmental 
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provide a governance 
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biodiversity observations.  
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through the Global Ocean 
Observing System (GOOS), 
has led the implementation 
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Observing (Lindstrom et 
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serving users across climate, 
There is a great 
opportunity to 
increase our 
capacity to 
understand, 
monitor and 
develop evidence-
based policies 
and management 
plans to 
protect marine 
ecosystems.
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operational services and ocean health (Tanhua et 
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Meteorological Organization, the United Nations 
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are coordinated by the Biology and Ecosystems Panel, 
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United States and the European Global Ocean Observing 
System (EuroGOOS) in Europe. Through expert panels, 
regional alliances, the Observations Coordination 
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observing community, from individual scientists and 
research organisations to governments, UN agencies, 
and international programmes.
The second major organisation is the Marine Biodiversity 
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GOOS BioEco share common goals and encourage the 
use of best practices for marine biodiversity monitoring, 
the contribution of data to open access data systems 
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Based on these shared goals, these organisations 
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the commitment to open access and data sharing, 
implementing best practices and international standards 
and enhancing global capacity (Miloslavich et al. 
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and countries, the organisations need to ensure the 
interoperability of the data and that the data contributes 
to the development of indicators to address policy 
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governance in coastal zones, an assessment carried out 
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to better coastal policies include participatory inclusion 
in decision-making and accountability, the level of 
 *)*($ 1 '*+( )/C伀 #1$)"/# +$/4- ,0$- 
for the implementation of policies, and having marine 
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An excellent success story of citizen science is the Reef 
Life Survey (RLS) programme.Co# 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. ./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through trained volunteer scuba divers (Stuart-Smith 
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providing invaluable data for ecosystem management 
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the development and delivery of biodiversity indicators 
to measure progress on Aichi Biodiversity Targets and 
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6. Gaps and Challenges in 
Habitat Protection
6.1 How Much of Key Marine 
Habitats Are Protected?
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distinction, (ii) only MPAs reporting a management 
plan and (iii) only fully protected MPAs (labelled in the 
database as no-take zones).
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are in fully protected MPAs at a global level. An example 
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arguably received historically higher levels of human 
pressures compared to oceanic habitats. Evidence 
of the destruction of coastal habitats (see Section 
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Additionally, the existence of a habitat inside of an area 
designated as an MPA does not mean it is protected. 
As can be seen from the above analyses, many MPAs 
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Figure 6. Current Conservation Efforts for Key Selected Habitats
Notes: Habitats on the x-axis are ordered according to their distance to the coast, as a proxy for their average depth. (A) The bars represent the percentage of the 
habitat within MPAs, within MPAs with a management plan, and fully protected MPAs. (B) The percentage of wilderness inside the habitat area.
Source: Authors.
exist, MPA objectives and management might not 
involve the habitat, and permitted activities may even 
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Figure 7. Relationships between Biodiversity,  GDP and MPA extent 
Notes: Panel A shows the gross domestic product (GDP) that a country has relative to the world and the amount of their exclusive economic zone (EEZ) that is covered 
by marine protected areas (MPAs). Panel B reveals that the relative size of a country’s MPAs are not correlated with their biodiversity. The grey region in Panel B 
represents the countries with less than 30% of their EEZ with MPA coverage.
Source: Authors.
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no-take area, fostering compliance and enforcement, 
and extending the boundaries to isolate key habitats 
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analyses indicate that to reach international goals and 
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6.2 Protection Gaps in EEZs
Humans are exerting pressures on marine habitats 
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social factors that decrease the health of the ocean. 
This analysis reveals that countries that have higher 
biodiversity also experience higher pressure (p-value 
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explains very little of the variation in the area of MPAs 
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MPA coverage, especially because EEZs and GDP tend to 
be related. Furthermore, although there are considerable 
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each countrys EEZ are not correlated (p-value >0.05; 
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high biodiversity should be prioritised for protection 
not only for their biodiversity per se but also to create 
resilience from the high pressures they experience. 
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 HABITAT
PERCENTAGE 
OF COUNTRIES 
BELOW 30% 
PERCENTAGE 
OF AREA BELOW 
30%
MEAN 
PERCENTAGE 
EFFORT
MEDIAN 
PERCENTAGE 
EFFORT
EFFORT GAP
Saltmarshes
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C瀄nCmC丄nC瘄hCgCgC焀 
CoCnC丄p
C瀄pCiC丄gC瘄hCgCgC?
CkChC丄g
C瀄iChC丄hC瘄gC丄lC?
CiCoC丄h
C瀄hC丄oC瘄gC?
ChCiC丄p
C瀄hCpC丄jC?
Kelps
CkClC丄j
C瀄nCnC丄kC瘄pCoC丄hC?
CjCnC丄i
C瀄lCiC丄mC瘄hCgCgC?
CjCmC丄j
C瀄hCnC丄gC瘄iC丄oCoC?
CjCnC丄n
C瀄hC丄gC瘄gC?
C挄hC丄k
C瀄hCmC?
Coral Reefs
CmChC丄m
C瀄oCmC丄mC瘄pCnC丄jC?
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ChCnC丄l
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ChCjC丄i
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Hydrothermal vents
CmCkC丄m
C瀄oClC丄kC瘄pClC丄oC?
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C瀄pCiC丄jC瘄pCnC丄jC?
CiCpC丄j
C瀄pC丄jC瘄hC丄hC?
ChCpC丄p
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Seagrasses
CnCgC丄j
C瀄oCpC丄gC瘄pCpC丄iC?
ClCoC丄m
C瀄oCmC丄mC瘄pCoC丄lC?
CiCkC丄k
C瀄pC丄gC瘄gC丄oC?
CmC丄mCo
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Estuaries
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77.5 
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Trenches
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C瀄pChC丄kC瘄hCgCgC?
ChCoC丄j
C瀄mC丄lCpC瘄iC丄jCkC?
0.0 
C瀄gC瘄gC?
ChCoC丄j
C瀄mC丄lCpC?
Ridges
CoCiC丄g
C瀄pCiC丄mC瘄pCoC丄kC?
CnCjC丄h
C瀄oCpC丄mC瘄pCnC丄oC?
ChCmC丄k
C瀄nC丄nCnC瘄iC丄iCmC?
0.0 
C瀄gC瘄gC?
ChCmC?
(7.77)
Seamounts and guyots
CoChC丄k
C瀄pCiC丄gC瘄pCmC丄lC?
ClCpC丄h
C瀄oCkC丄nC瘄oCmC丄mC?
ChCkC丄k
C瀄mC丄jC瘄iC丄lC?
0.0 
C瀄gC瘄gC?
ChCkC丄k
C瀄mC丄jC?
# '!'' 4))4*). CpCgC丄mC瀄pClC瘄pCoC丄pC?
CpCnC丄h
C瀄pCoC丄gC瘄pCpC丄pC?
ChChC丄h
C瀄lC丄jC瘄hC丄gC?
CgC丄h
C瀄gC瘄gC?
ChChC丄g
C瀄lC丄jC?
Table 3. Summary of the Habitat Protection Target Proposed
Notes: For each habitat, the percentage of countries that have granted less than 30 percent protection is shown (‘Percentage of Countries below 30%’) for all MPAs 
and then, in parentheses, the figure for managed MPAs/ fully protected MPAs that is below 30 percent protection. The ‘Mean’ and ‘Median Percentage Efort’ refers to 
the percentage of habitat countries protect on average. The diferences between these two values is reported as the ‘Efort Gap’, representing the percentage by which 
countries below the threshold should ideally increase their protection to make a fair contribution to conservation. We did not calculate this for fully protected MPAs as the 
amount of habitat lying within this category of protected area is so low that the efort for all countries is equally very poor.
Source: Authors.
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mainly because the amount of habitat in managed MPAs 
is so small compared to all MPAs. A very small amount 
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achieving a total conservation target, the majority of 
countries are under-performing.
This proportional conservation approach could also 
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should give to the protection of the high seas. This 
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instrument for the conservation and sustainable use of 
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managed fairly by a proportional conservation measure 
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countries over others and imperil the health of the 
 high seas.
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biodiversity protection mainly because their 
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to some extent, MPAs are not the only management 
measure that can conserve biodiversity (Duarte et 
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scramble for resources. This has resulted in increasingly 
unsustainable levels of exploitation of marine living and 
other resources and the impacts on biodiversity that 
have been documented here and in other studies (Norse 
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Marine reserves also provide 
little protection from threats 
such as long-range pollutants 
(e.g., many persistent 
organic pollutants; Agardy 
 /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species (e.g., Burfeind et al. 
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For fair habitat 
conservation 
globally, 
countries need to 
cooperate to reach 
international goals
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Notes: Best-case scenario, using all the MPAs reported. Habitats on the x-axis are ordered according to their distance to the coast, as a proxy for their 
average depth. Black circles represent countries hosting one of the key habitats. The y-axis represents the percentage of area that each country is 
protecting of that habitat within its exclusive economic zone (EEZ). Most of the countries are below the 30 percent target (white line), which has been 
identified as a threshold to ensure the maintenance of the ecosystem services of a habitat. The blue circles represent the mean percentage of all the 
countries’ protection eforts for that habitat, whereas the red circles are the median percentage of all the countries’ protection eforts.
Source: Authors.
Figure 8. Current Conservation Efforts for Key Selected Habitats
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means that even if fully protected MPAs are designed 
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concern applies also and increasingly to climate change 
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implement zoning or marine spatial planning to include 
all areas of EEZs and ABNJ to reduce competition 
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occurrence of pollution from all sources (Duarte et al. 
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agreements that relate to protection of the marine 
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to consider that these conventions and agreements are 
not exhaustive in terms of the binding obligations on 
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agreements are regional and sub-regional conventions 
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ocean management measures states have enacted to 
protect marine biodiversity.
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monitoring of species, habitat or the environment; 
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7. International Conventions 
and Agreements
of pollution, conservation of non-commercial species 
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(e.g., the Cartagena Protocol relating to biosecurity of 
*-")$.(.(*$F昀e/#-*0"#$*/ #)*'*"4C焄一 !/# CiCj
*)1 )/$*).C伀 ChCh- +- . )//# .0./$)' ()" ( )/
*!'$1$)"- .*0- .$)/# * ))ChCg+ -/$)/*
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marine habitats. Five of the conventions or agreements 
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7.1 Fisheries Governance, 
Sustainability and Impacts on 
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On the face of it, the range of international and sub-
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report, marine species and habitats are in decline, and 
this amounts to a loss in the provisioning of ecosystem 
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Table 4. Characteristics of the International Conventions and Agreements to Protect Marine Biodiversity and 
Environments
A. Sustainable management of living resources
B. Sustainable management of unexploited 
species
C. Habitat management or protection
C一 
(+' ( )/+-*/ / - .
E. Precautionary principle
F. Monitoring of species, habitats or 
environment
G. Environmental impact assessment 
H. Prevention of environmental pollution 

C一 $*. 0-$/4
J. Encourage or impel international cooperation
K. Capacity building
Notes: a. Where trade in that species may impact on an endangered species. The conventions and agreements are as follows: (1) International Whaling Convention 
(1946); (2) Convention on Fishing and Conservation of the Living Resources of the High Seas (1958); (3) International Convention Relating to Intervention on the High 
Seas in Cases of Oil Pollution Casualties (1969); (4) Convention on Wetlands of International Importance Especially as Waterfowl Habitat (Ramsar; 1971); (5) Convention 
on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter (1972); (6) Convention Concerning the Protection of the World Cultural and Natural 
Heritage (1972); (7) Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES; 1973); (8) Protocol Relating to Intervention on the High 
Seas in Cases of Marine Pollution by Substances Other than Oil (1973); (9) Protocol of 1978 Relating to the International Convention for the Prevention of Pollution from 
Ships, 1973, (Marpol); (10) Convention on the Conservation of Migratory Species of Wild Animals (CMS or Bonn Convention; 1979); (11) United Nations Convention on the 
Law of the Sea (UNCLOS; 1982); (12) Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their Disposal (1989); (13) Convention on 
Biological Diversity (CBD; 1992); (14) Agreement to Promote Compliance with International Conservation and Management Measures by Fishing Vessels on the High Seas 
(1993); (15) Agreement Relating to the Implementation of Part XI of the United Nations Convention on the Law of the Sea of 10 December 1982 (1994); (16) Agreement 
for the Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 10 December 1982 Relating to the Conservation and Management of 
Straddling Fish Stocks and Highly Migratory Fish Stocks (1995); (17) Protocol to the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other 
Matter, 1972 (1996); (18) Cartegena Protocol on Biosafety to the Convention on Biological Diversity (2000); (19) Stockholm Convention on Persistent Organic Pollutants 
(2001); (20) International Convention on the Control of Harmful Anti-Fouling Systems on Ships  (2001); (21) International Convention for the Control and Management of 
Ships’ Ballast Water and Sediments (2004); (22) Agreement on Port State Measures to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing (2009); 
(23) Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from Their Utilization to the Convention on Biodiversity (2010).
Source: Authors.
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(10)Biosecurity
(9) Implement Protected Areas
(8) Habitat Management or Protection
(7) Environmental Impact Assessment
(6) Sustainable Management of Unexploited Species
(5) Prevention of Environmental Pollution
(4) Sustainable Management of Living Resources
(3) Monitoring of Species Habitats or Environment
(2) Capacity Building
(1) Encourage or Impel International Cooperation
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Figure 9. Analysis of 23 International Treaties to Protect the Marine Environment and Conserve Marine 
Biodiversity
49 Critical Habitats and Biodiversity   |
C瀀T' CkC焄一 #$.* .)*/$)'0 /# '-" )0( -*!
regional and sub-regional agreements and additional 
binding measures that states are committed to for 
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one of uneven implementation of measures to increase 
sustainability of catches of target species and to 
prevent harm to biodiversity. There are many aspects 
*!F昀s# -$ .()" ( )/2# - /#$.0) 1 )) ..*!
implementation is apparent. For example, compliance 
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than in developing ones, but for most it falls far short of 
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improvements, particularly in the areas of compliance 
and enforcement, conservation and management 
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Notes: Panel A shows Ward’s hierarchical clustering with Euclidean distance of international conventions/agreements according to their mission 
topics; the convention acronyms are as follows: BCHW = Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and 
Their Disposal; CBD = Convention on Biological Diversity; CITES = Convention on International Trade in Endangered Species of Wild Flora and Fauna; 
CMS = Convention on the Conservation of Migratory Species of Wild Animals (or Bonn); CPB = Cartegena Protocol on Biosafety to the Convention 
on Biological Diversity; FCHS = Convention on Fishing and Conservation of the Living Resources of the High Seas; FVHS = Agreement to Promote 
Compliance with International Conservation and Management Measures by Fishing Vessels on the High Seas; HAFSS = International Convention on 
the Control of Harmful Anti-Fouling Systems on Ships; HSCMPS = Protocol Relating to Intervention on the High Seas in Cases of Marine Pollution by 
Substances Other than Oil; HSCOPC = International Convention Relating to Intervention on the High Seas in Cases of Oil Pollution Casualties; IWC = 
International Whaling Commission); Marpol  = Protocol of 1978 Relating to the International Convention for the Prevention of Pollution from Ships; 
MPDW = Protocol to the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter; MPDWOM = Convention on the 
Prevention of Marine Pollution by Dumping of Wastes and Other Matter; Ramsar = Convention on Wetlands of International Importance Especially 
as Waterfowl Habitat; SFSHMFS = Agreement for the Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 
10 December 1982 Relating to the Conservation and Management of Straddling Fish Stocks and Highly Migratory Fish Stocks; SPOPs = Stockholm 
Convention on Persistent Organic Pollutants; UNCLOS = United Nations Convention on the Law of the Sea; WCNH = Convention Concerning the 
Protection of the World Cultural and Natural Heritage; XI_UNCLOS =  Agreement Relating to the Implementation of Part XI of the United Nations 
Convention on the Law of the Sea of 10 December 1982. Panel B shows the number of conventions / agreements associated towards a main goal as 
listed in Table 4; Panel C shows how the number of each conventions / agreements changed over time for each main goal. 
Source: Authors.
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not the only drivers of loss 
of species and habitats in 
the ocean, they illustrate 
the barriers to tackling the 
biodiversity crisis. Setting 
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objectives and then ensuring 
that their progress is monitored 
and reported on is crucial. 
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management organisations should be operating to clear 
international standards and a system of monitoring 
progress to achieve such standards should also be put 
in place. Further improvement in the sustainability 
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 Setting specific 
targets as policy 
objectives and 
then ensuring 
that their 
progress is 
monitored and 
reported on is 
crucial.
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involvement of civil society in aspects of decision-making, 
particularly in processes related to environmental impact 
assessment. The inclusion of provisions for capacity 
building and technology transfer among states in the 
BBNJ agreement may also be extremely important not just 
for improving the capacity of developing states to monitor 
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8. Opportunities for Action
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in human history, and rates of species extinction are 
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losses, impacts on livelihoods and ultimately on human 
health and security. 
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4CiCgClCgC一 $1 )
the evidence for strong recovery of species and some 
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'/$( .' .
2  '$ 1 /#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- 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strong and coordinated management action. Based on 
this evidence and our analysis of drivers of biodiversity 
'*..C伀 2 F昀n/# . *++*-/0)$/$ .!*-0-" )//$*)/
local to international levels.
There are opportunities to improve monitoring, increase 
 AA$$ )4$).C伀 )#$ 1 .0./$)'  *.4./ (C?
. F昀s# -$ .(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deliverables for these high-level policy decisions include 
no net loss of habitat; establishing a blue bond market 
for investing in marine environmental sustainability; 
marine spatial planning to identify (on a regional basis) 
best options to increase no-take areas, including in the 
1$$)$/4*!*AA.#*- - ) 2'  ) -"4+-*% /.C儀 (*1$)"
$)/ ).$1 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feasible; and planning conservation responses to future 
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level rise). Bringing the entire ocean under sustainable 
management is also a critical element in reducing open 
 ..)*1 - 3+'*$/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.' /*
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8.1 Technology for Mapping
Technological advancements in remote sensing, 
including satellites, lidar, unmanned aerial vehicles, 
.C伀 )/# *(+0//$*)'$'$/4/*+-* ...0#
(0'/$$( ).$*)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drastically expanded our capacity to understand the 
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- .$)".+/$')/ (+*-'- .*'0/$*)*!
the data captured, there is a large opportunity to further 
enhance our understanding of the status and trends in 
marine habitats and ecosystems, the drivers of change 
and the impacts of degradation on their contribution to 
people and, thus, improved visualisation and maps to 
support the decision-making process. The advancements 
$)/# F昀e'*!-/$F昀c$'$)/ ''$" ) #1 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1 
/# 2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language processing into biodiversity and ecosystem 
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unstructured sources (e.g., text, images, audio), store 
complex information in machine-readable formats 
)*)) 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basesall areas of marine science that have yet to be 
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activity is sustainable because anthropogenic impacts 
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to harnessing the above-mentioned technological 
advancements into global marine studies. Utilising 
the technological advancements into a thematic 
$.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-4 3+ -/.C伀 $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machine-readable data and metadata formats. The 
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referencing remote sensing products and geospatial data 
sets limits the smooth communication of needs from a 
thematic discipline to the technology developers.    
There is an opportunity for NGOs, industry, researchers, 
and government institutions to collaborate to increase 
the application of current advancements in technological 
capacity. To accomplish this cross-disciplinary 
$.0..$*)C伀 /# - )  ./* ) 3#)" *!&)*2' " C伀 
and scientists need to be trained to make their analysis 
)2*-&$)/ -*+ -' C一 /- ('$) . -1$ .- 
also needed to support the production of standard 
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variety of primary data, and standardised processing 
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of Ocean Science for Sustainable Development and 
C一 $/#/#$.$)!*-(/$*) ..$' C伀 *-")$./$*).
) AA /$1 '4(*)$/*-/# "'*'$./-$0/$*).*!
economically important marine habitats, such as coral 
reefs, mangroves and seagrasses. On a local level, 
"*1 -)( )/..#*0'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/ 2$/#$)0./-4).
/* AA 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$// "-/$*))
ground truth the data produced from the global habitat 
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marine ecosystems has been among recommendations 
for improved management of marine biodiversity for 
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To be able to develop the collaborations and 
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  The present intergovernmental organisations (e.g., 
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and making ocean data available for management 
purposes (e.g., Google Earth Engine; Ocean Data 
FoundationChCgC焀 - ,0$- **-$)/ ++-*#/*
face the challenge of comprehensive and global 
monitoring of biodiversity. These organisations, 
0) -/# ' 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-/) -.#$+
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of both habitat extent and environmental drivers to 
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in the distribution of marine habitats, technological 
'$($//$*).).*'0/$*).2$/# 3+'$$/"*'.)
$)./$/0/$*).C?*-")$./$*)...$") /*(  /$)"/# 
"*'.C一 # .  AA*-/..#*0'$)'0 (0'/$$.$+'$)-4
scientists, including, but not limited to, marine, 
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  The Decade of Ocean Science for Sustainable 
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such a coordinated approach to ocean biodiversity 
monitoring, especially as it recognises the importance 
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$)"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distribution in the ocean.
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data sources, be visualised and be made publicly 
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enabling biodiversity conservation.
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increase temporal resolution of habitat maps and 
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and impacts are made available. 
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necessary to sustainably manage and map the ocean. 
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biodiversity data for meeting international targets 
and ocean management needs.
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understanding of the planet, including improved 
environmental and biodiversity monitoring plans, 
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generations of scientists from diverse backgrounds and 
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8.2 Addressing the Biodiversity 
Data Gap
There is a pressing need for a greater coordinated 
 AA*-//*"/# -$)!*-(/$*)*)(-$) $*$1 -.$/4
and extinction risk, from baselines of diversity and 
ecosystems to the long-term monitoring of population 
genetics, species, habitats and ecosystems. Again, 
despite recommendations to develop such coordinated 
&)*2' " "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.2 ''.
improving the capacity to do so by all nations nearly 
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a good range of assessments for marine vertebrates 
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assessments on marine invertebrates are restricted to a 
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intergovernmental organisations, foundations and 
other philanthropic organisations to invest in the 
infrastructure, including human resources, to meet 
their international commitments (e.g., under the CBD) 
to establish baselines of biodiversity and long-term 
monitoring of the status of species and habitats both 
2$/#$)/# $-.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$''42# - /# $-
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for biodiversity monitoring, including GOOS BioEco 
and the marine component of GEO BON, MBON. 
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coordinated strategy for monitoring biodiversity change 
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oceanographic research centres, government institutions 
and universities, and natural history museums. These 
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the continual assessment of the success of measures 
/*- 0 $*$1 -.$/4'*..4.// .)''*2/# (/*
actively manage their activities to mitigate or reverse 
biodiversity loss. For developing states, assistance in 
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  maintenance or enhancement of marine ecosystem 
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tourism);
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  /# /-$)$)"*!) 2" ) -/$*)*!(-$) .$ )/$./.C?
  increased opportunities for citizen science and 
education; and
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- .  AA 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interventions.
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At present, there are no alternative measures to achieve 
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poverty, the increasing human population and the drive 
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to improved biodiversity monitoring to include the 
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centres for marine biodiversity monitoring and 
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environmental DNA (eDNA) and other emerging 
technologies, to undertake baseline assessments and 
long-term monitoring.
  A baseline biodiversity inventory and the 
establishment of key monitoring sites as part of 
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and expanding geographic coverage through the 
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  The coordination of biodiversity monitoring activities 
at a regional basis implementing best practices to 
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  The establishment of a marine biodiversity 
programme that feeds into national policies and 
management actions to mitigate biodiversity loss as 
2 ''.$)/*- "$*)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)$./$*).C伀 .0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biodiversity. Biodiversity management becomes 
embedded into national institutions and legislation 
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There are a range of habitats formed by foundation 
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biodiversity because they are connected to ecosystem 
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immediate occurrence. These include, most notably, 
coral reefs, mangrove forests, seagrass beds, 
saltmarshes, kelp forests and other coastal ecosystems. 
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EBSAs and may include habitats such as seamounts. 
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management organisations should adopt a policy of 
zero net loss for such ecosystems. Because the costs 
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a national MBON coordinated at a regional level, 
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management and conservationhelp to improve and 
secure economic and other societal gains from the 
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from developing marine genetic resources (Blasiak et 
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8.3 Citizen Science and 
Education Programmes
Citizen science provides a great opportunity to increase 
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to span greater geographic and temporal ranges than 
conventional academic research, engaging millions 
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Despite many long-term citizen science projects 
creating robust data sets,ChCh  many academic researchers 
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the primary goal is science generation and should 
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a task is a function of the complexity of the task 
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social outcomes, including increasing science education, 
engagement in policy and collaboration. As such, they 
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  Governments increase general science education in 
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  Citizen science programmes coordinate and organise 
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including GOOS BioEco and the marine component of 
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information provide increased funding for the 
development of community-based programmes in 
developing countries to increase exposure to science 
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  Academia generates best practices and resources to 
increase the amount citizen science can be used to 
generate robust data and science, thus removing the 
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8.4 Well-Enforced, Green-Listed, 
Fully Protected Marine Reserves
There is strong evidence that the implementation of 
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as improve the resilience of marine ecosystems (Roberts 
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ecosystems against the impacts of climate change (Mellin 
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objectives. Additionally, the social impacts of protected 
areas are poorly understood largely because MPA 
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they must represent the full range of marine ecosystems 
and species. The aims should include no net loss of 
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such as coral reefs, mangrove forests, seagrass beds, 
saltmarshes and others. 
Experts, conservation practitioners, philanthropic 
organisations and representatives from government 
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United Nations Environment Programme (UNEP) and 
the CBD to establish the best strategy for increasing and 
improving existing MPAs on the basis of the approach 
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Strategies tailored for each group of countriesand 
ultimately each individual countrycan be developed, 
and international assistance, including economic, 
capacity building and technical advice, can be targeted 
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  The MPA targets are established internationally, at the 
CBDs Conference of Parties or (for the ocean) at the 
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  An implementation conference is initiated to identify 
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levels to protect representative marine ecosystems 
and the best strategic approaches and practical 
measures to achieve these targets. The conference 
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intergovernmental and non-governmental 
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Environment Facility, government-funding agencies, 
private philanthropists and foundations). The target 
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should be in place to involve communities and 
stakeholders to implement community-based MPAs 
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of the resources, clear common factors have been 
described as the path to successful community-based 
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These small but successful examples of community-
based MPAs have proven that not only is it possible 
to recover marine biodiversity in a short time period 
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approaches and donor-assisted approaches do 
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global conservation targets. Rather, a systematic 
conservation planning approach of community-based 
MPAs can improve ecological and social outcomes, 
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  The implementation conference should lay out a 
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meetings (e.g., the Our Ocean and United Nations 
Ocean Conferences).
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8.5 Ecosystem-Based Fisheries 
Management
# - $.) 3/- ( 0-" )4/* '$($)/ 
F昀s#$)")
 ' -/ /# - !*-(*!F昀s# -$ .()" ( )//*- F最e/
58 |   High Level Panel for a Sustainable Ocean Economy
(* -) *.4./ (C挀b. *) +/.2# - $*$1 -.$/4
is managed sustainably alongside target stocks. Both 
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or reversed, this elephant in the room cannot be ignored.
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. F昀s# -$ .()" ( )/)/# +- 0/$*)-4
+-$)$+' !*-''F昀s# -$ .()" ( )/. 3+- .. $)
the UN conventions and agreements, the FAOs CCRF 
and other FAO guidelines and codes.
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capacity protect the basic needs for food, nutrition 
and livelihoods in coastal communities, particularly in 
developing countries.
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  Develop and fund infrastructure and human capacity 
to enable sustainable management of biodiversity as 
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including investment in data-poor stock assessment 
methods and the use of reciprocal mechanisms to 
enhance institutional, management and governance 
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and technology transfer.
59 Critical Habitats and Biodiversity   |
  ./'$.#*((0)$/4C挀b. F昀s# -$ .()" ( )//*
assist in increasing the biological and socio-economic 
.0./$)$'$/4*!F昀s# -$ .C?
  *)/$)0  AA*-/./*( -" )**-$)/ /# 
*% /$1 .*!/# F昀s# -$ .) )1$-*)( )/'. /*-.
/''' 1 '.*!F昀s# -$ .()" ( )/C瀀i)/ -)/$*)'
to local).
  Develop a set of investment standards for the 
$)1 ./( )/$)F昀s# -$ .C伀 ) .+ $''4$)!-./-0/0- 
.0#.1 .. '.C伀 .**)'4.0./$)' F昀s# -$ .C瘇昀s#$)"
*+ -/$*).- F昀n) C?
  
)$/$/ !*-('- "0'-- 1$ 2*!.C伀  ).0-$)"
/# 4- (  /$)") 2./)-.*!F昀s# -$ .
()" ( )/C儀 /# !*''*2$)"- ..+ $F昀c''4- ,0$- 
// )/$*)C倀 C瀀iC焀 0+/$)"*)1 )/$*).)"-  ( )/.
to implement modern standards of ecosystem-based 
F昀s# -$ .()" ( )/C伀 $)'0$)".+ $F昀c+-*1$.$*).
for the conservation and protection of biodiversity; 
C瀀i$C焀 !0-/# -*)1 -" )  /2  )F昀s# -$ .)
environmental sector governance structures to 
$)/ "-/ $*$1 -.$/4*).$ -/$*).$)/*F昀s# -$ .
management; (iii) implementing mechanisms to 
ensure the rapid and accurate reporting of catches 
of target and bycatch species; (iv) more rigorous 
/-" /C挀b.  AA*-/./* ).0- -+$$(+' ( )//$*)
of rules and recommendations; (v) a transformation 
*!/-).+- )4!*-*/#F昀s# -$ .C挀r '/ /)
decision-making processes; (vi)  reforming decision-
(&$)"./-0/0- ./*+- 1 )/C?*+/C挀o0/CÈ*-'*2 ./C?
*((*)C挀d )*($)/*-- "0'/$*).2$/#$)F昀s# -$ .
management organisations; and (vii) greater clarity 
on participatory rights, such as allocation of catch 
' 1 '.*-F昀s#$)" AA*-/C瀀G% -  /'C一 CiCgChCjC儀 -$ () /
'C一 CiCgChCoC焄?
   1 '*+. /*!($)$(0(./)-.!*-F昀s# -$ .
partnership agreements to ensure (i) sustainable 
F昀s#$)"C儀 C瀀i$C焀 !$-) ,0$/' F昀n)$' ) F昀t.!*-
+-/$ .C儀 C瀀i$$C焀 ' -F昀n)$'./-0/0- .)- +*-/$)"
--)" ( )/./* ).0- '$ ) !  .*-*/# -F昀n)$'
 ) F昀t.F最o2/*.*$ /4C儀 C瀀i1C焀  ,0/ --)" ( )/.
for monitoring, control, surveillance and enforcement 
*!F昀s# -$ .C儀 )C瀀vC焀 !*-('./-0/0- .!*-$.+0/ 
- .*'0/$*)(*)"./+-/) -.2$/#-$/-/$*)4)
impartial third party.
$#$$*$1 -.$/4-" /Cm)ChCk (*4.+ $F昀c
/-" /.!*-F昀s# -$ ..0./$)$'$/4C伀 )/# ( .0- .
*1 2$''' -'4# '+/*//$)/# . "*'.C一 # .
- . /!*-CiCgCjCgC瀀w$/#.*( $)/ -$(/-" /.0 $)CiCgCiCgC焄伀 
0//# +*./C挄iCgCiCg$*$1 -.$/4!-( 2*-&'.*
provides a timetable for achievement of these goals and 
)*++*-/0)$/4/*F昀n''4#$ 1 /# *% /$1 .*!$#$
$*$1 -.$/4-" /CmC一  1$ 2/# ) 3/  C伀 /# - !*- C伀 
.-$/$'$) ' -/$)"- !*-(.*!F昀s# -$ .)
biodiversity objectives to protect marine living resources.
4*+/$)"/# . - !*-(.C伀 *1 -F昀s#$)")
F昀s#$)"
2$''  '$($)/ C伀 )F昀s#./*&.)..*$/ 
 *.4./ (..#*0' ' /*- 0$'C一 # F昀n)$'
 ) F昀t.*!/#$.%0./$)F昀s# -$ .- 1 )0 '*) #.  )
 ./$(/ /E簄oCj$''$*)+ -))0(C瀀W*-')&CiCgChCnC焄一 
-* - ) F昀t.2$''$)'0 $)- .$)"F昀s#/# .
C瀀C*./ ''* /'C一 CiCgChCmC焀 ). 0-$)"*/#'$1 '$#**.
)!**.0++'$ ..2 ''.$)- .$)"/# $-- .$'$ ) 
to climate change impacts for the future. Given that 
 ./-0/$1 F昀s#$)"$(+/.C伀 .0#.4/#C伀 - /# 
main drivers of biodiversity loss for a number of marine 
.+ $ .C伀 /#  ) F昀t.*!- 0$)" 3/$)/$*)-$.&)
- ./*-$)" *.4./ (!0)/$*)). -1$ .+-*1$.$*)2$''
  )*-(*0.C一 #$.2$'''.*$)- .  *.4./ (- .$'$ ) 
against climate change and other impacts.
60 |   High Level Panel for a Sustainable Ocean Economy
9. Limitations of the Paper 
and Conclusions
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likely cost millions to tens of millions of dollars on a 
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Abbreviations
ABNJ Areas beyond national jurisdiction
 0/*)*(*0.0) -2/ -1 #$' 
eDNA Environmental DNA (molecular tool for assessing biodiversity)
BBNJ Biodiversity beyond national jurisdiction (refers to negotiations to establish an international legally 
binding instrument under UNCLOS on the conservation and sustainable use of marine biological 
diversity of areas beyond national jurisdiction)
BEF Biodiversity and ecosystem function 
B
msy
Biomass at maximum sustainable yield
CBD Convention on Biological Diversity
CCAMLR Convention for the Conservation of Antarctic Marine Living Resources
CCRF Code of Conduct for Responsible Fishing
CoML Census of Marine Life 
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GOOS BioEco Biology and Ecosystems Panel of the Global Ocean Observing System
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